Lysates of guinea pig or human red blood cells (RBC) contain far more of the factors that induce resistance in gonococci to complement-mediated killing by fresh human serum than do plasma or serum. As was previously found with serum, most of the resistance-inducing activity of guinea pig RBC lysates was found in ultrafiltrates with molecular weights of less than 5000. In contrast, and as with human serum, most of the resistance-inducing activity of human RBC lysates did not pass ultrafilters which removed molecules of less than 5000 daltons, although some active material of low molecular weight was present.
INTRODUCTION
The resistance to complement-mediated killing shown by gonococci taken from patients is important in the pathogenesis of gonorrhoea (Brooks et al., 1978) . This resistance can be demonstrated by tests with human serum on isolates before subculture (Brooks et al., 1978; Ward et al., 1970) . Many isolates, however, particularly those from urethral exudates, lose resistance on subculture (Ward et al., 1970) . This unstable type of resistance was initially investigated using a guinea pig model. Gonococci grown in plastic chambers implanted subcutaneously into guinea pigs showed a resistance to killing by human serum which was gained in oiw and lost in oitro in a phenotypic manner (Rittenberg et al., 1977) . The resistance was induced in oitro in 3 h at 37 "C by guinea pig chamber fluid, by guinea pig serum and by ultrafiltrates of the serum in a defined medium containing 0.1 % bovine serum albumin (BSA) (Goldner et al., 1979; Veale et af., 1980 Veale et af., , 1981 Patel et al., 1984) . Recently, the acid-and heatlabile resistance-inducing factor (RIF) in the ultrafiltrates (Veale et af., 1980) has been purified into a fraction containing glucose, cysteine, aspartic acid, serine, threonine, glutamic acid, glycine, alanine and lysine (Patel et al., 1984) .
Turning to the human situation, about 20% of over 200 Sera had resistance-inducing activity (Martin el al., 1981 (Martin el al., , 1984 but to a lesser extent than guinea pig sera (Martin et 01.. 1981). On ultrafiltration some rcsistance-inducing activity was found in heat-and acid-labile low molccular weight fractions, but in contrast to guinea pig Sera far more activity remained in the fractions of high molecular weight (Martin et al., 1981) . The relevance of human RIF to the resistance of genital tract gonococci was shown when cervical secretions and seminal plasmas from healthy people and vaginal exudates from patients with non-gonococcal vaginitis induced gonococci to resistance in oitro (Martin et al., 1982) . Furthermore, 30 recent isolates of gonococci regained resistance, which had been lost on subculture, after incubation with the guinea pig RIF (Martin et al,, 1983) , which is similar to, if not identical with, the human serum factor of low molecular weight (Martin etal., 1981) . The possible influence of the RIFon disease patterns was indicated by the fact that sera of female patients suffering their first infection contained significantly more samples showing high resistance inducing activity than did sera of uninfected controls (Martin et al., 1984) ; paradoxically, no sample of serum from female patients with gonococcal salpingitis had high resistanct-inducing activity (Martin et al., 1984) . Clearly, the RIF is important in the pathogenicity of gonoccoci and may influence the pattern of gonorrhoea. A greater supply is needed for further research.
Two pieces of evidence indicated that red blood cell (RBC) membranes may be a source of RIF. First, the resistance-inducing activity of both human and guinea pig serum was increased by leaving the serum in contact with the blood cell clot for 2448 h before removal (Martin er ol., 1981 ; P. M. V. Martin , 1984) . Second, the nature of the low molecular weight RIF purified from guinea pig Serum was similar to glucose-and cysteinecontaining glycopeptides which are set free from fresh human RBC in mildly hypertonic saline (Weiss era/., 1971 ; Patel era/., 1984). These peptides appear to be constituents of the membranes rather than enzymic breakdown products of the large glycoproteins of RBC membranes, most of which appear not to contain glucose (Gahmberg, 1981) .
This paper shows that water-lyqed guinea pig and human RBC, and their ultrafiltrates with molecular weights of less than SOOO, had a much greater ability to induce gonococci to resistance to killing by human Serum than the analogous sera and fractions. RBClysatesOndplarmo frwnguheapiR and hwnan blood. Blood (7-I5 ml) was obtained by cardiac puncture from guinea pigs (male, Dunkin-Hartley) under anaesthesia (Sagatal, 0-5 ml per kg body wt) and citrated (5 mg trisodium citrate ml-' 1. After centrifuging (I 500g, 10 min, 4 "C), the plasma was separated and stored at -20 "C until required. The cell suspension was washed once with a volume of isotonic saline (0-3 w-NaC1) equal to that of the removed plasma. An equal volume of sterile water was added to lyse the RBC. The lysate was centrifuged (1500g. 20 min, 4 "C) to remove cellular debris and the supernatant was stored at -20°C until required. The volume obtained was approximately equal to that of the original blood and twice that of the plasma.
Human peripheral blood (7-15 ml) was treated similarly except that the buffy coat was removed from the RBC deporit as well as the plasma.
Ulrrafiltrution of RBC lysares undplusm. This was as described by Patel et al. (1984) for guinea pig serum, but using one 43 mm Diaflo membrane at each stage for every sample of lysate or plasma from 7-1 5 ml of blood. After filtering through XM-SO membranes (nominal cut-off M O O 0 daltons) and washing, the filtrates and washings were pooled and filtered through a YM-5 membrane (nominal cut-off so00 daltons). The tiltrate was freeze dried. For biological testing, it was dissolved in a volume of water equal to that of the original RBC lysate or plasma (half that of the lysate). The poorly active ultrafiltrates from human RBC lysatw were dissolved in one-fifth of that volume, although the mulls arc quoted in Table I with respect to the original volume.
Generation of smun resistant gommcci, rest for resistance ro killing by fresh human serum and an approximore oxsay o/RIF in samples. These were as described by Palel er ol. (1984) . The mistance-inducing activities of RBC lysates, plasmas, YM-5 membrane filtrates and extracts of intact RBC arc quoted as the concentration (%, vlv) needed in the standard test to convert 50% of the serum sensitive gonococci to resistance.
RESULTS
The much greater content of RIF in RBC lysates and their ultra$ltrates compared with corresponding plasmas and their ultrafiltrates The resistance-inducing activities of guinea pig plasma and its ultrafiltrate ( Table 1) were similar to those of guinea pig serum and its ultrafiltrate (Patel et a!., 1984) . In contrast, the RBC lysates were 40-to 80-fold more active with respect to the original sample of blood. As with guinea pig serum (Patel et al., 1984) , the majority of the resistance-inducing activity was found in the YM-5 filtrate. Sct text for details of assay of rcsistance-inducing activity. f The volume of plasma and its filtrate is half that of the original blood and the RBC lysate and its filtrate: the results have been adjusted so that they relate to the RBC lysate. ' # Thcsc lysatcs killed the gonococci in the test for rtsistance-inducing activity.
The results on human plasma and its ultrafiltrate were similar to those obtained for human serum and its ultrafiltrate, where only about 20% of serum samples were active and activity could be detected only in a 10-fold concentrated YM-5 filtrate (Martin et al., 1981) . Three human RBC lysates were toxic for gonococci, but the other four samples were far more active in resistance-inducing activity than the human plasma and approached the activity of guinea pig RBC lysates. However, as with biologically active human sera (Martin et a/., 1981) , only a small proportion of the total resistance-inducing activity was recovered in the YM-5 filtrate. Nevertheless, all seven YM-5 filtrates from RBC lysates showed significant activity without concentration, in contrast to the situation with samples from serum (Martin et al., 1981) .
Like the low molecular weight RIFs from guinea pig and human Sera (Veale et al., 1980; Martin et ol., 198 l) the resistance-inducing activities in the Y M-5 filtrates from the RBC lysates were heat-and acid-labile. More than 90% of the standard inoculum of strain BS4 (agar) was converted to resistance by two different Y M-5 filtrates from human RBC lysates and by two filtrates from guinea pig RBC lysates, but less than 5% were converted to resistance after the four filtrates had been either heated for I h at 75 "C at pH 7 or for l h at 37 "C at pH 2.
DISCUSSION
Clearly, RBC are a better source of RIF than serum and this applies to both guinea pig and human blood. The much larger quantity of low molecular weight RIF from lysates of guinea pig RBC ( W f o l d compared with serum or plasma) should facilitate investigation of the determinants of gonococcal resistance to complement-mediated killing, since sufficient resistant bacteria can now be obtained for meaningful experimentation. This low molecular weight RIF is heat-and acid-labile as is material obtained from guinea pig serum (Veale et a/., 1980; Patel et af., 1984) . Nevertheless, the RIF from the guinea pig RBC lysate must be purified by the procedures used for obtaining the RIF from guinea pig serum in order to establish whether the two materials are identical.
The resistance-inducing activity was present in larger amounts in the RBC lysates from human blood than in serum but showed the same pattern on ultrafiltration. Only a small proportion of the total activity was found in the YM-5 filtrates, i.e. in molecules of less than 5000 daltons.
